Purpose In ovarian cancer patients and mouse models, psychosocial stress is associated with higher circulating markers of angiogenesis and cell migration, impaired immune response, and increasing tumor burden and aggressiveness. In the Nurses' Health Studies (NHS/ NHSII), we assessed whether phobic anxiety, a marker of chronic distress, was associated with risk of incident ovarian cancer as well as survival among ovarian cancer patients. Methods We used Cox proportional hazards regression to model the relative risks (RRs) and 95 % confidence intervals (CI) of ovarian cancer incidence and survival by categories of the Crown-Crisp phobic anxiety index (CCI). Results We identified 779 cases of ovarian cancer during 2,497,892 person-years of follow-up. For baseline CCI (NHS: 1988; NHSII: 1993), we observed a statistically nonsignificant increased risk of epithelial ovarian cancer (RR for CCI C 4 vs. 0 or 1: 1.14; 95 % CI 0.96-1.36). However, when we updated CCI (NHS: 2004; NHSII: 2005), the associations were attenuated. Pre-diagnosis CCI was not associated with ovarian cancer survival (RR for C4 vs. 0 or 1: 1.00; 95 % CI 0.77-1.31); results were similar for post-diagnosis CCI. Conclusions Distress, as measured by phobic anxiety symptoms, was not associated with ovarian cancer risk, although we cannot rule out a modest association. Future research should explore the role of phobic anxiety and other forms of psychological distress and ovarian cancer risk and survival.
Introduction
Ovarian cancer is the fifth leading cause of cancer death for women in the USA and the seventh most fatal worldwide [1, 2] . Although several risk factors are known (e.g., nulliparity, lack of oral contraceptive use), few are easily modifiable. Thus, identifying modifiable risk factors for ovarian cancer is critical for reducing incidence and mortality.
Stress is hypothesized to contribute to cancer etiology [3] , but studies linking stress to specific cancers have produced equivocal results. A recent meta-analysis reported a 6 % increased risk of cancer associated with chronic stress, but this study did not evaluate ovarian cancer separately [3] . Mouse models suggest that chronic distress leads to larger and more aggressive ovarian tumors [4] ; in ovarian cancer patients, chronic distress has been associated with higher levels of circulating markers of inflammation, angiogenesis, and immune activation [5] [6] [7] [8] [9] . Taken together, these data suggest that chronic distress, a potentially modifiable exposure, may increase risk of developing ovarian cancer. Further, chronic distress is common:
According to the National Comorbidity Survey Replication, the lifetime prevalence of anxiety disorders is 28.8 % and the lifetime prevalence of mood disorders is 20.8 % [10] .
Phobic anxiety, as assessed by the Crown-Crisp phobic anxiety index (CCI), a standardized, validated instrument [11] , provides one marker of chronic distress. The CCI addresses common fears and tendencies of avoidance, primarily those reflected in the modern categorizations of panic and phobic disorders [10, 12] . Previous research has demonstrated that the CCI discriminates between individuals with diagnosable anxiety disorders and healthy individuals [11] and is correlated reasonably with other measures from the Middlesex Hospital Questionnaire (freefloating anxiety q = 0.48, obsessional q = 0.45, somatic q = 0.42, and depressive q = 0.27) [11] . This form of anxiety has previously been associated with increased risk of cardiovascular disease and Parkinson's disease, as well as higher levels of inflammatory markers and shorter telomere lengths, in the Nurses' Health Study (NHS) [13] [14] [15] [16] . Moreover, because of the generally younger age at onset and chronic nature of phobic anxiety, the CCI likely reflects long-term exposure to chronic distress [10, 12] . Furthermore, phobic anxiety is among the more chronic and persistent forms of anxiety [17] . Therefore, given its reliability, overlap with other forms of distress, chronicity, and prevalence, we evaluated whether phobic anxiety was associated with increased risk of ovarian cancer in the NHS and NHSII cohorts.
Materials and methods
The Nurses' Health Study (NHS) was established in 1976 among 121,701 US female registered nurses, aged 30-55 years; the NHSII was established in 1989 among 116,430 female registered nurses, aged 25-42 years. All women completed an initial questionnaire about their lifestyle factors, health behaviors, and medical history and, since baseline, have been followed up biennially by questionnaire to update exposure status and disease diagnoses [18, 19] .
Ascertainment of phobic anxiety
Symptoms of phobic anxiety were self-reported in the NHS (1988 and 2004) and NHSII (1993 and 2005) using the Crown-Crisp phobic anxiety index (CCI) [11] . The CCI is comprised of eight questions (Online Resource 1). Each has two or three possible answers. The responses are summed to derive a total score that ranges from 0 to 16; higher scores indicate higher anxiety. The CCI is fairly reliable in the NHS: Cronbach's alpha for 1988 was 0.62, and the intraclass correlation in women who answered the CCI in 1988 and 2004 was 0.61, indicating that the results are moderately stable over time [15] . Results were similar in NHSII: Cronbach's alpha was 0.58 for 1993, and the ICC comparing women who completed the CCI in both 1993 and 2005 was 0.61. The CCI was assessed in two ways in this analysis: continuously (per 1 standard deviation [SD] change) and grouped into 4 categories (0/1, 2, 3, and 4?), as in [13] [14] [15] [16] . As a secondary analysis, we analyzed the CCI in 6 categories (0/1, 2, 3, 4/5, 6?).
In the NHS, of the 103,614 participants who responded to the 1988 questionnaire, 84,791 completed the CCI. Of those who did not complete the CCI, the majority (89.8 %) received a shortened questionnaire without the CCI. Follow-up through June 2010 was 94.0 % of the potential person-years. In the NHSII, of the 107,721 women who responded to the 1993 questionnaire, 86,971 completed the CCI; of those who did not answer the questions, 63.7 % received a shortened questionnaire without the CCI. Follow-up through June 2011 was 95.4 % of the potential person-years.
Documentation of ovarian cancer cases and deaths
We collected information about ovarian cancer diagnoses on each questionnaire. Deaths were reported by family members or the US Postal Service; we also checked the National Death Index for deaths. For all reported cases and deaths due to ovarian cancer, we obtained pathology reports pertaining to the ovarian cancer diagnosis. A gynecologic pathologist reviewed the pathology reports to confirm the diagnosis and abstract stage, histology, and invasiveness. In a subset of 215 ovarian cancer cases, concordance between the medical records and the pathologist's review was 98 % for invasiveness and 83 % for histologic type [20] .
Statistical analysis
The eligible population for this analysis included the 84,791 NHS participants and the 86,971 NHSII participants who completed the 1988 and 1993 CCI questionnaires, respectively. Women diagnosed with cancer (except nonmelanoma skin cancer) prior to the baseline year (NHS = 6,462; NHSII = 1,605), or who had a bilateral oophorectomy (NHS = 11,843; NHSII = 2,977), menopause due to pelvic irradiation (NHS = 54; NHSII = 28), or who were missing date of birth (NHS = 36; NHSII = 187) were excluded. After exclusions, 66,396 NHS participants and 82,174 NHSII participants remained in the analyses. Participants accrued person-time from the time of the return of the 1988/1993 questionnaire until the date of ovarian cancer diagnosis, diagnosis of another cancer (except non-melanoma skin cancer), bilateral oophorectomy, pelvic irradiation, death, or the end of follow-up (NHS: 1 June 2010; NHSII: 1 June 2011).
We used Cox proportional hazards regression to estimate relative risks (RRs) and 95 % confidence intervals (CIs) of ovarian cancer for each CCI category compared to those with little to no phobic anxiety (CCI score of 0 or 1). Time since questionnaire return was used as the timescale, and two models were used to adjust for potential confounders or mediators. In our primary model, we adjusted for known and suspected ovarian cancer risk factors: duration of oral contraceptive (OC) use, number of children, tubal ligation, family history of ovarian cancer, and menopausal status. In a secondary model, to evaluate whether any observed associations were due to behavioral and lifestyle correlates of stress which may be on the pathway between stress exposure and cancer, we additionally adjusted for body mass index (BMI), smoking, alcohol intake, caffeine intake, total caloric intake, physical activity, and census tract income. We also evaluated postmenopausal hormone therapy (HT) use, beta blocker use, antidepressant medication use, antianxiety medication use, and depression as potential mediators; these variables did not change the relative risk estimates and were not included in our final models. All models were stratified on age and calendar time. All adjustment variables were updated whenever updated information was available (usually every 2-4 years).
We additionally performed an analysis evaluating whether pre-diagnosis or post-diagnosis CCI was associated with ovarian cancer survival, adjusting as in the incidence analyses, but additionally adjusting for disease stage and histology. These analyses were limited to invasive ovarian cancer cases. For pre-diagnosis CCI, the timescale was the time between diagnosis and death or end of follow-up, whichever occurred first. For post-diagnosis CCI, we used left truncation to account for the delay between diagnosis and completion of the CCI questionnaire. Covariates for the pre-diagnosis CCI analysis were taken from the last questionnaire that was completed prior to ovarian cancer diagnosis; for the post-diagnosis CCI analyses, covariates were taken from the first questionnaire completed after diagnosis.
The NHS and NHSII datasets were pooled using a strata term for cohort in Cox proportional hazards models; we evaluated potential differences between the cohorts using P-heterogeneity from meta-analysis. Main analyses considered both baseline and updated (in 2004/2005) CCI with risk of total ovarian cancer (borderline and invasive). In secondary analyses, we assessed whether results differed by known ovarian cancer risk factors menopausal status, HT use, OC use, family history of ovarian cancer, or current beta blocker use via stratified analysis. To test for interaction, we included multiplicative interaction terms and tested their significance using a likelihood ratio test. As a sensitivity analysis, we examined associations only among women who completed the CCI twice (i.e., baseline-1988/1993 and updated-2004/2005). We also assessed the association with change in CCI between the two questionnaires and risk of ovarian cancer. p values \0.05 were considered statistically significant; all analyses were performed in SAS version 9.3 (Cary, NC). This study was approved by the Institutional Review Board at Brigham and Women's Hospital.
Results
Women with higher phobic anxiety (CCI score C4) were similar to those with low anxiety (CCI score 0 or 1) in terms of age, parity, BMI, tubal ligation, family history of ovarian cancer, and menopausal status. Women with higher anxiety were more likely to be current smokers (Table 1) .
In our primary models, higher CCI scores at baseline (NHS: 1988; NHSII: 1993) were associated with a suggestive increased risk of ovarian cancer: For a 1 SD change in CCI (2.31 points), the relative risk was 1.05 (95 % CI 0.98-1.13). Similar results were observed when comparing women with CCI C 4 to women with CCI of 0 or 1 (RR: 1.14; 95 % CI 0.96-1.36; Table 2 ) and when using 6 ? (Table 2 ). To address potential reverse causality, we performed analyses removing the first 2 and 4 years of follow-up after the assessment of the CCI; results were not materially changed (data not shown).
In stratified analyses by ovarian cancer risk factors, we observed a stronger association for postmenopausal women using both baseline (P-interaction = 0.045; Online Resource 3) and updated (P-interaction = 0.024; Online Resource 4) CCI scores. We observed no other statistically significant interactions; however, power was limited for these analyses.
Among women who completed both the baseline and follow-up questionnaires, the association with high levels of phobic anxiety was slightly stronger (Online Resource 5), but there was no association between change in CCI score and ovarian cancer risk (Online Resource 6).
There was no association between pre-diagnosis CCI score and survival after diagnosis of invasive ovarian cancer (Table 3) ; women with a pre-diagnosis CCI C 4 had no difference in risk of dying compared to those with a CCI of 0 or 1 (RR: 1.00; 95 % CI 0.77-1.31). In analyses of post-diagnosis CCI and ovarian cancer survival, results were similar: Women with a post-diagnosis CCI C 4 had a nonsignificant 14 % increased risk of dying due to ovarian cancer compared to women with a score of 0 or 1 (RR: 1.14; 95 % CI 0.34-3.82; Table 3 ). However, there were only 358 ovarian cancer patients who completed the CCI after their diagnosis.
Discussion
In this study, we observed a suggested increased risk of ovarian cancer among women with high levels of phobic anxiety, but no association between phobic anxiety and ovarian cancer-specific survival. Although extensively studied [3, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] , the role of stress in cancer incidence and survival remains unclear. In a recent meta-analysis, chronic stress was associated with a 6 % increased risk of cancer and a 3 % increased risk of death [3] ; the associations were stronger for studies with longer followup, suggesting that chronic stress may have a greater impact on health than short-term stress. However, neither ovarian cancer nor anxiety was evaluated separately in this meta-analysis; thus, the role of chronic stress in general and phobic anxiety specifically in ovarian carcinogenesis remains unclear.
There is evidence from basic and clinical studies that stress may promote ovarian carcinogenesis. Mice subjected to physical restraint or social isolation and injected with ovarian cancer cells developed larger and more invasive tumors compared to control mice [4] . Stressed mice had a 2.5-fold increase in tumor weight and nodule count versus controls; 50 % of stressed mice had metastases in the liver or spleen compared to none in control mice. Further, distressed animals had higher VEGF, MMP-2, and MMP-9 expression, leading to increased angiogenesis and metastasis. Although only modestly associated with ovarian cancer risk in the present study, the CCI has previously been associated with shorter telomeres [15] and with higher circulating levels of inflammatory cytokines among women with diabetes [16] , both of which have been related to ovarian cancer risk or progression [32] [33] [34] [35] [36] .
The associations between baseline CCI were stronger than when we updated the CCI using the follow-up questionnaire; this would seem to contradict the meta-analysis findings that studies with longer follow-up were more likely to observe associations between stress and cancer risk. However, women who did not complete the follow-up questionnaire had, on average, higher baseline CCI scores (mean = 3.08) compared to women who completed both questionnaires (mean = 2.76). Since the CCI has been associated with risk of sudden cardiac death and fatal coronary heart disease in the NHS [13] , it is possible that the attenuation was due to competing risks by these causes of death. However, given the limited sample size for this study (n = 779 ovarian cancer cases), it is possible that the suggestive association we observed with baseline CCI is due to chance.
Since experimental studies reported that stressful conditions and induced distress are associated with increased metastases, we assessed the relationship between phobic anxiety and survival after ovarian cancer, observing no association. A limitation of this analysis is that we do not have data on surgery and treatment in the NHS; this may be particularly problematic for our analysis of post-diagnosis CCI and ovarian cancer outcomes, since women who suffer from phobic anxiety may be less likely to complete treatment than those who do not. Pre-diagnosis phobic anxiety was highly correlated with post-diagnosis phobic anxiety among ovarian cancer cases who were diagnosed between the two assessments (Online Resource 7). Although the numbers are small, most women had the same score or changed by 1 or 2 points. No prior study has assessed the association of chronic distress and ovarian cancer; however, in ovarian cancer patients, anxiety, depression, and lack of social support, which may attenuate cancer-related distress, have been associated with evaluated levels of circulating IL-6, VEGF, norepinephrine, and MMP-9 [5] [6] [7] [8] [9] .
Our study has several strengths. First, phobic anxiety was assessed using a validated measure years prior to diagnosis, reducing the likelihood of recall bias. Any measurement error that occurred is likely non-differential with respect to ovarian cancer incidence; therefore, our results are likely to be an underestimate of any true association. Further, the CCI is stable over time (Online Resource 8), suggesting that a one-time assessment reflects long-term exposure to anxiety symptoms and that measurement error is low. However, assessment of phobic anxiety only captures one facet of psychosocial stress and may not fully characterize an individual's subjective experience of stress. For example, coping mechanisms may be important factors in the relationship between chronic distress and cancer risk; we had limited information on coping. However, when we adjusted for available , additionally adjusted for BMI, smoking status (and amount per day among current smokers), alcohol intake, caffeine intake, total caloric intake, physical activity, and census tract income correlates of coping, such as diet, BMI, and physical activity, the associations were not dramatically altered, suggesting that these factors are not important mediators in our analysis. Nevertheless, future studies should consider additional coping variables.
In conclusion, this study suggests that phobic anxiety may be related to a modestly increased risk of ovarian cancer. The role of anxiety in ovarian cancer should be addressed in additional studies. Further, other facets of the psychosocial stress experience, such as depression, should be considered.
